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Epidemiology and Prevention

Twenty-Two–Year Trends in Incidence of Myocardial
Infarction, Coronary Heart Disease Mortality, and Case

Fatality in 4 US Communities, 1987–2008
Wayne D. Rosamond, PhD, MS; Lloyd E. Chambless, PhD; Gerardo Heiss, MD, PhD;

Thomas H. Mosley, PhD; Josef Coresh, MD, PhD; Eric Whitsel, MD; Lynne Wagenknecht, DrPH;
Hanyu Ni, PhD; Aaron R. Folsom, MD, MPH

Background—Knowledge of trends in the incidence of and survival after myocardial infarction (MI) in a community
setting is important to understanding trends in coronary heart disease (CHD) mortality rates.

Methods and Results—We estimated race- and gender-specific trends in the incidence of hospitalized MI, case fatality, and
CHD mortality from community-wide surveillance and validation of hospital discharges and of in- and out-of-hospital
deaths among 35- to 74-year-old residents of 4 communities in the Atherosclerosis Risk in Communities (ARIC) Study.
Biomarker adjustment accounted for change from reliance on cardiac enzymes to widespread use of troponin
measurements over time. During 1987–2008, a total of 30 985 fatal or nonfatal hospitalized acute MI events occurred.
Rates of CHD death among persons without a history of MI fell an average 4.7%/y among men and 4.3%/y among
women. Rates of both in- and out-of-hospital CHD death declined significantly throughout the period. Age- and
biomarker-adjusted average annual rate of incident MI decreased 4.3% among white men, 3.8% among white women,
3.4% among black women, and 1.5% among black men. Declines in CHD mortality and MI incidence were greater in
the second decade (1997–2008). Failure to account for biomarker shift would have masked declines in incidence,
particularly among blacks. Age-adjusted 28-day case fatality after hospitalized MI declined 3.5%/y among white men,
3.6%/y among black men, 3.0%/y among white women, and 2.6%/y among black women.

Conclusions—Although these findings from 4 communities may not be directly generalizable to blacks and whites in the
entire United States, we observed significant declines in MI incidence, primarily as a result of downward trends in rates
between 1997 and 2008. (Circulation. 2012;125:1848-1857.)
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Recent studies suggest that trends in the incidence rate of
myocardial infarction (MI) in the United States may

have changed substantially in the last 2 decades from rela-
tively stable rates in the 1980s and 1990s1–4 to significant
declines in the new millennium.5–9 Some recent studies
furthered our understanding of contemporary patterns of MI
rates by examining trends by type of MI (presence or absence
of ST-segment elevation) and by estimating the impact on
rates brought about by the introduction of troponin measure-
ments and new definitions of clinical events.8,10–13 Whether
or not these recently reported trends apply similarly across
race and gender groups and the extent to which changes in
biomarkers account for these trends are less well character-

ized.14,15 Although available studies offer valuable insights
into recent trends in the occurrence of MI and mortality due
to coronary heart disease (CHD), additional data on trends in
annual incidence of MI and CHD mortality from other large
geographically and ethnically diverse environments with the
use of a common methodology are needed and can provide
valuable insights into disease trends in the population. The
importance of these types of data was emphasized in a recent
Institute of Medicine report on cardiovascular disease sur-
veillance needs in the United States.16 We studied trends in
mortality due to CHD and in the incidence of MI with and
without a unique adjustment for changes in biomarkers over
time during 1987–2008, as well as trends in short-term

Received June 2, 2011; accepted March 2, 2012.
From the Departments of Epidemiology (W.D.R., G.H., E.W.), Biostatistics, Gillings School of Global Public Health (L.E.C.), and Medicine (E.W.),

School of Medicine, University of North Carolina, Chapel Hill; Department of Medicine, School of Medicine, University of Mississippi, Jackson
(T.H.M.); Department of Epidemiology, Bloomberg School of Public Health, Johns Hopkins University, Baltimore, MD (J.C.); Division of Public Health
Sciences, Wake Forest University School of Medicine, Winston-Salem, NC (L.W.); National Institutes of Health, National Heart, Lung, and Blood
Institute, Bethesda, MD (H.N.); and Division of Epidemiology and Community Health, School of Public Health, University of Minnesota, Minneapolis
(A.R.F.).

The online-only Data Supplement is available with this article at http://circ.ahajournals.org/lookup/suppl/doi:10.1161/CIRCULATIONAHA.
111.047480/-/DC1.

Correspondence to Wayne Rosamond, PhD, Cardiovascular Epidemiology Program, Department of Epidemiology, Bank of America Building, 137 E
Franklin St, Suite 306, Chapel Hill, NC 27514. E-mail Wayne_Rosamond@unc.edu

© 2012 American Heart Association, Inc.

Circulation is available at http://circ.ahajournals.org DOI: 10.1161/CIRCULATIONAHA.111.047480

1848 at UNIV OF NORTH CAROLINA on June 20, 2012http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/lookup/suppl/doi:10.1161/CIRCULATIONAHA.111.047480/-/DC1
http://circ.ahajournals.org/lookup/suppl/doi:10.1161/CIRCULATIONAHA.111.047480/-/DC1
http://circ.ahajournals.org/


(28-day) case fatality after MI from community surveillance
in the Atherosclerosis Risk in Communities (ARIC) Study.
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Methods
Study Population
Since 1987, the ARIC Study17 has conducted continuous retrospec-
tive surveillance of hospital discharges for MI and deaths due to
CHD occurring in or out of the hospital among residents aged 35
through 74 years in Forsyth County, NC; the city of Jackson, MS; 8
northern suburbs of Minneapolis, MN; and Washington County,
MD, with a combined study population of �396 000 persons in 2008
(Table 1). Twenty-four percent of the study population was black.
The trends reported here in ARIC blacks and whites in these 4
communities are of interest, even though the ARIC design cannot
totally separate race effects from regional effects, given that suffi-
cient numbers of blacks to yield stable estimates were present in only
2 communities (Jackson, MS, and Forsyth County, NC).

Identification of Hospitalized MI Events
Hospitalized MIs were identified from electronic discharge lists
obtained from all hospitals serving the 4 communities (n�31).
Trained ARIC staff members abstracted medical records for possible
events, selected on the basis of age, residence in the community, and
discharge code (International Classification of Diseases, Ninth
Revision, Clinical Modification [ICD-9-CM] codes 402, 410–414,
427, 428, and 518.4) through random sampling within discharge
code strata. See the online-only Data Supplement for a description of
ICD-9-CM codes used to identify events for investigation and
validation. Sampling probabilities varied by race, sex, field center,
and discharge code group and were adjusted periodically.18,19 Hos-
pitalizations of community residents that occurred outside the study
area were not included unless the subjects were transferred to and
discharged from a surveillance hospital. Diagnostic information from
the transferring hospital was included in the validation of events.
Information obtained from medical records included the following:
presence of chest pain, history of MI or other cardiovascular-related
conditions, and measures of cardiac biomarkers (total creatinine
phosphokinase [CK], CK-MB, lactate dehydrogenase, and troponin).
Copies of up to 3 ECGs were obtained and sent to the University of
Minnesota Electrocardiographic Reading Center for classification
according to the Minnesota code.20 A standardized computerized
algorithm was applied to data on chest pain, cardiac biomarkers, and
ECG evidence to determine each patient’s computer MI diagnosis.17

Criteria for each of these 3 diagnostic elements in the algorithm
remained constant over the study period and are described in detail
in the ARIC Study surveillance manual.19 Cases with disagreements
between the computer diagnosis and discharge diagnosis codes were
reviewed by physicians on the ARIC Mortality and Morbidity
Classification Committee for final classification. All eligible hospi-
talized events were classified as either definite, probable, suspect, or
no MI.17 Definite or probable MI was combined to define MI for
analysis unless otherwise specified. MI events with equivocal or
abnormal biomarkers were further classified as non–ST-segment
elevation MI (NSTEMI) or ST-segment elevation MI (STEMI) on
the basis of the coded ECGs.

A first (incident) MI was defined as one in a patient for whom the
medical record either stated that there was no history of MI or did not
contain any reference to a history of MI. Recurrent MI was defined
as any definite or probable MI for which the medical record stated a
history of MI.

Eligible hospitalizations for which the chart could not be located
were deemed unclassifiable. Because missing hospital records are
likely not random and may have included events that would have
been validated as MI had the medical record been available, we
adjusted the trends in hospitalized MI rates in sensitivity analyses to
account for this possible source of bias.

Identification of CHD Deaths
For the period 1987–1998, deaths with underlying cause of death
ICD-9-CM codes 250, 401, 402, 410 to 414, 427 to 429, 440, 518.4,
798, and 799 were sampled. Beginning in 1999, ICD-10-CM codes
E10 to E14, I10 to I11, I21 to I25, I46 to I51, I70, I97, J81, J96, R96,
and R98 to R99 were sampled. Sampling fractions varied by sex,
field center, and code group and were adjusted over time. Deaths
among community residents occurring outside the state of residence
were omitted. The number of such deaths was few (10 eligible
out-of-state deaths in 2008) and stable over time. Deaths in nursing
homes and emergency departments and hospital admissions of
persons dead on arrival were classified as out-of-hospital deaths.
Trained ARIC staff reviewed death certificates that met sampling
eligibility criteria. For in-hospital deaths, medical records were also
reviewed. For out-of-hospital deaths, additional information was
sought from the next of kin and other informants, certifying and
family physicians, and coroners or medical examiners. Using stan-
dardized criteria,17 the Mortality and Morbidity Classification Com-
mittee reviewed these data for deaths and assigned a final diagnosis,
with disagreements adjudicated. Trends in CHD mortality included
deaths classified as due to either definite fatal MI or definite fatal
CHD. Because of state regulations that prohibited full investigation
of out-of-hospital deaths in Washington County until 1995, this

Table 1. Hospitalized MIs, CHD Deaths, and Population Estimates for Subjects Aged 35–74 Years in the 4 ARIC Communities: ARIC
Study 1987–2008*

Hospitalizations for MI Deaths Due to CHD Population†

Men Women Total Men Women Total Men Women

Race

Black 3937 (72) 3140 (76) 7077 (74) 1206 (59) 891 (64) 2097 (61) 41 138 52 807

White 16 423 (65) 7485 (73) 23 908 (67) 4280 (47) 1780 (54) 6061 (49) 147 072 155 497

Total 20 360 (66) 10 625 (74) 30 985 (69) 5486 (49) 2671 (57) 8158 (52) 188 210 208 304

Community

Forsyth County, NC 8014 (70) 4147 (75) 12 161 (71) 2163 (50) 1000 (56) 3163 (52) 72 894 81 573

Jackson, MS 4384 (68) 2697 (77) 7081 (71) 1595 (55) 878 (68) 2473 (60) 31 102 38 494

Minneapolis suburbs, MN 4275 (64) 2045 (73) 6320 (67) 974 (44) 382 (48) 1357 (45) 52 454 56 212

Washington County, MD 3686 (59) 1736 (67) 5422 (62) 754 (41) 410 (48) 1165 (43) 31 760 32 025

Values are number (percentage with first events). MI indicates myocardial infarction; CHD, coronary heart disease; and ARIC, Atherosclerosis Risk in Communities.
*Numbers shown in the table were estimated from sampled events that were validated: 12 947 hospitalized for MI in men and 7128 in women; 4657 deaths due

to CHD in men and 2406 in women. The percentages show how many of those with an event had no history of MI.
†Population numbers shown are of blacks and whites aged 35–74 years in 2008.
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community was not included in computation of trends involving
CHD death before that year.

For fatal CHD events, presence or absence of a history of MI was
based on information obtained from the next of kin and other
informants including the certifying physician, coroner, or medical
examiner or from medical records for any eligible hospitalization
within 28 days before death. Vital status of hospitalized MI events
after discharge was determined through linkage with National Death
Index files and used for computing case-fatality percentages.

Adjustment for Biomarker Change
Dramatic shifts in the use of cardiac biomarkers to diagnose MI
occurred between 1987 and 2008.10,11 In the ARIC communities, the
proportion of eligible hospitalizations with a troponin measurement
increased from 8% in 1996 to 98% by 2001. Patterns of biomarker
adoption varied by community and by hospital within community.
To permit a more meaningful interpretation of trends in MI, we
developed an imputation method that standardizes the event rates to
a consistent usage of cardiac biomarkers. Details of this method as

Table 2. Average Annual Percent Change (95% Confidence Interval) in Rates of Death Due to CHD or Rates of Hospitalized MI, for
Men, Adjusted for Age, in the ARIC Study 1987–2008*

Event Type

Whites

1987–1996 1997–2008 All Years

Death due to CHD �4.0 (�5.1 to �3.0) �9.8 (�11.1 to �8.5) �6.5 (�7.0 to �6.1)

Death due to CHD without history of MI �4.5 (�6.2 to �2.8) �7.3 (�9.3 to �5.2) �5.7 (�6.4 to �4.9)

In-hospital death due to CHD �4.9 (�6.7 to �3.2) �12.4 (�15.0 to �9.7) �7.9 (�8.7 to �7.1)

Out-of-hospital death due to CHD �3.4 (�4.8 to �2.0) �8.4 (�9.9 to �6.8) �5.6 (�6.2 to �5.0)

First MI or death due to CHD‡ �3.7 (�4.5 to �3.0) �6.4 (�7.3 to �5.4) �4.9 (�5.3 to �4.5)

First MI or death due to CHD �1.7 (�2.6 to �0.9) �4.0 (�5.2 to �2.8) �2.9 (�3.4 to �2.4)

First MI‡ �3.6 (�4.5 to �2.7) �5.1 (�6.4 to �3.8) �4.3 (�4.7 to �3.8)

First MI �1.4 (�2.4 to �0.5) �3.7 (�5.0 to �2.4) �2.6 (�3.1 to �2.1)

First STEMI‡ �3.0 (�4.5 to �1.5) �8.4 (�11.1 to �5.6) �5.4 (�6.2 to �4.5)

First STEMI �1.2 (�2.7 to 0.3) �8.8 (�11.2 to �6.4) �4.8 (�5.5 to �4.0)

First NSTEMI‡ �6.3 (�7.6 to �5.1) �3.5 (�5.2 to �1.8) �4.8 (�5.5 to �4.1)

First NSTEMI �2.1 (�3.4 to �0.9) �0.8 (�2.4 to 0.8) �1.4 (�2.1 to �0.7)

Recurrent MI‡ �4.1 (�5.6 to �2.7) �9.3 (�11.4 to �7.2) �6.3 (�7.0 to �5.6)

CHD indicates coronary heart disease; MI, myocardial infarction; ARIC, Atherosclerosis Risk in Communities; STEMI, ST-segment elevation myocardial infarction;
and NSTEMI, non–ST-segment elevation myocardial infarction.

*Average annual percent change from quadratic regression models. Negative numbers indicate a decrease, and positive numbers indicate an increase.
†Adjusted also for race.
‡Trends adjusted also for changes in cardiac biomarkers over time.

Table 3. Average Annual Percent Change (95% Confidence Interval) in Rates of Death Due to CHD or Rates of Hospitalized MI, for
Women, Adjusted for Age, in the ARIC Study 1987–2008*

Event Type

Whites

1987–1996 1997–2008 All Years

Death due to CHD �1.6 (�3.3 to 0.1) �10.9 (�12.8 to �9.0) �5.8 (�6.5 to �5.1)

Death due to CHD without history of MI 0.4 (�2.0 to 2.9) �10.2 (�12.8 to �7.6) �4.7 (�5.6 to �3.7)

In-hospital death due to CHD �2.7 (�5.0 to �0.4) �13.5 (�16.3 to �10.7) �7.2 (�8.2 to �6.3)

Out-of-hospital death due to CHD �0.3 (�3.0 to 2.4) �8.8 (�11.4 to �6.2) �4.4 (�5.5 to �3.4)

First MI or death due to CHD‡ �2.4 (�3.7 to �1.2) �5.5 (�6.9 to �4.2) �3.9 (�4.5 to �3.4)

First MI or death due to CHD �0.1 (�1.7 to 1.4) �3.3 (�4.8 to �1.7) �1.8 (�2.5 to �1.1)

First MI‡ �3.0 (�4.5 to �1.5) �4.8 (�6.5 to �3.1) �3.8 (�4.5 to �3.1)

First MI �0.9 (�2.4 to 0.6) �2.5 (�4.2 to �0.9) �1.7 (�2.4 to �1.0)

First STEMI‡ �2.2 (�4.5 to 0.2) �6.9 (�10.5 to �3.3) �4.4 (�5.6 to �3.1)

First STEMI �0.5 (�3.0 to 1.9) �7.3 (�10.8 to �3.8) �3.8 (�4.9 to �2.7)

First NSTEMI‡ �5.5 (�7.4 to �3.5) �3.7 (�6.0 to �1.5) �4.5 (�5.4 to �3.6)

First NSTEMI �1.4 (�3.3 to 0.5) �0.5 (�2.4 to 1.5) �0.9 (�1.8 to 0.0)

Recurrent MI‡ �5.8 (�8.0 to �3.7) �6.4 (�9.4 to �3.4) �5.9 (�7.1 to �4.8)

CHD indicates coronary heart disease; MI, myocardial infarction; ARIC, Atherosclerosis Risk in Communities; STEMI, ST-segment elevation myocardial infarction;
and NSTEMI, non–ST-segment elevation myocardial infarction.

*Average annual percent change from quadratic regression models. Negative numbers indicate a decrease, and positive numbers indicate an increase.
†Adjusted also for race.
‡Trends adjusted also for changes in cardiac biomarkers over time.
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applied to ARIC surveillance data are described in the online-only
Data Supplement and are described here only briefly. We adjusted
the event rates that include hospitalized MI for changes in biomark-
ers by imputing the number of events that would have occurred in a
pretroponin year (ie, had troponin not been introduced and other
biomarkers not dropped) and had the distribution of the biomarker
usage combinations been the same across years. The adjustment
included both an imputation and a standardization procedure. First
we imputed the distribution of the pretroponin combinations (ie, the
biomarker usage combinations that would have occurred in a

pretroponin year) and then imputed the probability of MIs in each of
the pretroponin combinations. We then standardized the imputed
probability of MIs, and therefore the number of events, to the
distribution of the pretroponin combinations in a reference period
mimicking direct adjustment. This was an extension of direct
adjustment in which the distribution of the pretroponin combinations
for post-1995 events was imputed, from which the probability of MIs
in each of the pretroponin combinations could be estimated by data
regarding overlaps in troponin use and other biomarkers. The last
step was weighting the pretroponin combination–specific probability

Table 2. Continued

Blacks Total†

1987–1996 1997–2008 All Years 1987–1996 1997–2008 All Years

�0.9 (�3.3 to 1.5) �5.3 (�7.5 to �3.2) �3.2 (�4.1 to �2.2) �3.4 (�4.3 to �2.4) �8.6 (�9.7 to �7.5) �5.7 (�6.1 to �5.3)

�1.1 (�4.3 to 2.2) �3.2 (�6.0 to �0.4) �2.2 (�3.5 to �0.9) �3.6 (�5.1 to �2.1) �6.0 (�7.6 to �4.3) �4.7 (�5.3 to �4.1)

�0.2 (�5.2 to 4.9) �8.7 (�13.7 to �3.7) �4.3 (�6.3 to �2.4) �4.1 (�5.7 to �2.4) �11.6 (�13.9 to �9.3) �7.2 (�8.0 to �6.5)

�1.2 (�3.9 to 1.6) �4.1 (�6.5 to �1.7) �2.7 (�3.8 to �1.6) �2.8 (�4.0 to �1.6) �7.1 (�8.4 to �5.9) �4.9 (�5.4 to �4.3)

�0.9 (�2.8 to 1.1) �2.6 (�4.1 to �1.0) �1.8 (�2.6 to �1.0) �3.2 (�3.9 to �2.5) �5.5 (�6.3 to �4.6) �4.3 (�4.6 to �3.9)

2.3 (�0.1 to 4.6) �0.8 (�2.6 to 0.9) 0.4 (�0.5 to 1.4) �0.9 (�1.8 to �0.1) �3.1 (�4.1 to �2.1) �2.1 (�2.5 to �1.7)

�0.4 (�3.3 to 2.6) �2.5 (�4.7 to �0.4) �1.5 (�2.7 to �0.4) �3.2 (�4.1 to �2.3) �4.5 (�5.6 to �3.4) �3.8 (�4.2 to �3.3)

3.2 (0.4 to 6.1) �0.5 (�2.5 to 1.5) 1.0 (�0.1 to 2.1) �0.8 (�1.7 to 0.1) �2.9 (�.3.9 to �1.8) �1.9 (�2.3 to �1.4)

4.2 (0.0 to 8.3) �7.4 (�12.1 to �2.8) �2.2 (�3.8 to �0.5) �2.0 (�3.4 to �0.5) �8.0 (�10.4 to �5.7) �4.8 (�5.6 to �4.0)

6.3 (2.2 to 10.5) �5.9 (�10.2 to �1.6) �0.7 (�2.3 to 0.9) �0.2 (�1.6 to 1.2) �7.9 (�10.0 to �5.9) �4.0 (�4.7 to �3.3)

�4.0 (�7.8 to �0.2) �0.4 (�3.1 to 2.3) �2.0 (�3.6 to �0.4) �6.0 (�7.2 to �4.8) �2.7 (�4.2 to �1.3) �4.3 (�4.9 to �3.7)

1.1 (�2.6 to 4.8) 2.2 (�0.2 to 4.6) 1.8 (0.3 to 3.2) �1.7 (�2.9 to �0.5) �0.1 (�1.4 to 1.3) �0.8 (�1.4 to �0.2)

�2.2 (�5.6 to 1.2) �2.8 (�6.3 to 0.8) �2.5 (�4.1 to �0.9) �4.0 (�5.3 to �2.7) �8.0 (�9.8 to �6.2) �5.7 (�6.4 to �5.1)

Table 3. Continued

Blacks Total†

1987–1996 1997–2008 All Years 1987–1996 1997–2008 All Years

�3.2 (�6.0 to �0.4) �5.1 (�7.5 to �2.6) �4.0 (�5.2 to �2.9) �2.3 (�3.7 to �0.9) �8.6 (�10.0 to �7.1) �5.2 (�5.8 to �4.6)

�3.1 (�6.3 to 0.1) �4.2 (�7.2 to �1.2) �3.6 (�5.0 to �2.2) �1.1 (�3.0 to 0.8) �7.7 (�9.6 to �5.7) �4.3 (�5.1 to �3.5)

�7.1 (�11.9 to �2.4) �5.1 (�9.2 to �1.1) �6.0 (�7.9 to �4.1) �4.3 (�6.5 to �2.1) �10.6 (�12.9 to �8.3) �6.9 (�7.8 to �6.0)

0.2 (�3.2 to 3.5) �5.2 (�8.3 to �2.1) �2.6 (�4.0 to �1.2) �0.3 (�2.3 to 1.8) �7.2 (�9.2 to �5.3) �3.7 (�4.6 to �2.9)

�2.0 (�4.3 to 0.3) �5.0 (�6.9 to �3.0) �3.5 (�4.4 to �2.6) �2.4 (�3.5 to �1.3) �5.3 (�6.4 to �4.2) �3.8 (�4.3 to �3.3)

0.3 (�2.0 to 2.7) 0.2 (�1.7 to 2.2) 0.3 (�0.8 to 1.3) �0.1 (�1.4 to 1.2) �1.9 (�3.1 to �0.7) �1.1 (�1.7 to �0.5)

�2.4 (�5.6 to 0.7) �3.3 (�5.8 to �0.8) �2.9 (�4.2 to �1.5) �2.8 (�4.2 to �1.5) �4.2 (�5.7 to �2.8) �3.5 (�4.1 to �2.9)

0.8 (�2.0 to 3.6) 0.9 (�1.4 to 3.1) 0.8 (�0.4 to 2.1) �0.5 (�1.8 to 0.8) �1.2 (�2.5 to 0.1) �0.9 (�1.5 to �0.3)

�0.8 (�5.2 to 3.6) �5.5 (�11.2 to 0.1) �3.3 (�5.2 to �1.3) �1.9 (�3.9 to 0.2) �6.5 (�9.5 to �3.5) �4.1 (�5.1 to �3.0)

0.4 (�4.1 to 5.0) �2.6 (�8.3 to 3.2) �1.2 (�3.3 to 0.9) �0.4 (�2.6 to 1.7) �5.8 (�8.8 to �2.8) �3.1 (�4.1 to �2.1)

�4.4 (�8.3 to �0.6) �3.5 (�6.6 to �0.3) �3.9 (�5.5 to �2.2) �5.1 (�6.9 to �3.3) �3.5 (�5.4 to �1.7) �4.2 (�5.1 to �3.4)

�0.0 (�3.5 to 3.5) 1.5 (�1.1 to 4.1) 0.9 (�0.7 to 2.4) �1.0 (�2.7 to 0.7) 0.3 (�1.2 to 1.9) �0.2 (�1.0 to 0.5)

�1.9 (�7.0 to 3.2) �10.8 (�15.8 to �5.8) �6.0 (�7.8 to �4.1) �4.7 (�6.8 to �2.7) �7.5 (�10.0 to �4.9) �5.8 (�6.8 to �4.9)
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of MI by the distribution of the pretroponin combinations in the
reference period.

To validate our biomarker adjustment method procedure, we used
ARIC data during 1997–2008 for those events that had “troponic
AND other enzymes” whenever they had “troponin OR other
enzymes,” simulating an experiment in which hospitals kept collect-
ing enzyme data as usual while adding troponins. We then com-
pletely dropped troponins for 1997–2002, an artificial “pretroponin
era.” In our artificial data we used 2002 as the standard enzyme
group distribution. We estimated age- and enzyme distribution–
standardized “true” trends in MI attack rate from the biomarker data
without troponins. Next we produced 200 data sets that simulated the
dropping of other enzymes when troponin was introduced. The
choice of events from which to drop some enzyme data was random
and was done independently in each of the 200 simulations. We
simulated an increasing proportion over time of events that had
enzymes dropped. With each of these 200 data sets, we applied the
biomarker adjustment algorithm to obtain biomarker-adjusted rates
and trends for the 4 race/sex groups for the period 1997–2008 and
then took the averages over the 200 data sets and compared them
with “true trends.” We considered only linear trend. The true age-
and enzyme distribution–adjusted trends were �4.4 and �3.7 for
men and women, respectively, whereas the biomarker-adjusted
values averaged over the 200 simulated ARIC-like data sets were
�4.0 and �3.3, which were very close to the true values.

Statistical Analysis
Sampling probabilities were reviewed periodically and modified
over the 22-year surveillance period for efficiency. Details of the

sampling procedure are reported elsewhere.18 Our analyses were
weighted and standard errors were computed by stratified random
sample methodology to reflect the sampling scheme.

Annual event rates per 1000 persons specific for sex, race, and
community were computed on the basis of population denomina-
tors estimated by interpolation and extrapolation of 1980, 1990,
and 2000 US census population estimates. Race-specific rates
reported by sex were adjusted for age by the direct method with
the use of the 2000 US total age-specific population census counts
as the standard. Sex-specific rates reported were similarly ad-
justed for age and race. In Tables 2 and 3, we report overall
22-year age-adjusted trends by gender and race or by gender
adjusted additionally for race from linear or quadratic Poisson
regression models. Results by time period are from the quadratic
models showing trends separately for the first (1987–1996) and
second (1997–2008) decades as the average annual percent
change in each time period. Figure 1 shows age- and biomarker-
adjusted event rates with both linear and quadratic regression
model fits displayed.

Annual 28-day and 1-year case-fatality percentages specific for
sex and race were computed on the basis of denominators of those
who were hospitalized with a MI or a combined hospitalized plus
fatal CHD event. Race-specific percentages reported by sex were
adjusted for age by the direct method with the use of the ARIC
combined hospitalized MI plus fatal CHD events as the standard.
Figure 2 shows age-adjusted 28-day case fatality for hospitalized MI
with both linear and quadratic logistic regression model fits dis-
played. The statistical package SUDAAN Logistic was used for
case-fatality trends analysis, and SUDAAN Loglink was used for
event rate trends analysis.

Figure 1. Age- and biomarker-adjusted rate (per 1000 persons) in first hospitalized myocardial infarction or death due to coronary heart
disease without prior myocardial infarction and age-adjusted trends by linear and quadratic Poisson regression, for men and women
aged 35 to 74 years, in the Atherosclerosis Risk in Communities Study 1987–2008.
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Results
During 1987–2008, a total of 30 985 fatal or nonfatal hospi-
talized acute MI events (on the basis of a stratified random
sample of 20 075 hospitalizations investigated) occurred
among residents aged 35 through 74 years in the 4 study
communities in ARIC (Table 1). Of these, 69% were in
persons with no recorded history of MI. There were an
estimated 8158 deaths due to CHD (on the basis of 7063
deaths sampled), including both in-hospital and out-of-
hospital deaths.

The average annual percentage of age- and race-adjusted
decline (95% confidence interval [CI]) in rates of death due to
CHD was 5.7% (95% CI, �6.1% to �5.3%) in men and 5.2%
(95% CI, �5.8% to �4.6%) in women (Tables 2 and 3).
Among men, the decline was nonlinear, with the decline
steeper in the latter half of the study period (1997–2008) than
in the first 10 years (1987–1996), at �8.6%/y (95% CI,
�9.7% to �7.5%) and �3.4%/y (95% CI, �4.3% to
�2.4%), respectively (P�0.01). The overall downward age-
adjusted trend in total CHD mortality among men was
statistically significant in both ARIC black men (�3.2%/y;
95% CI, �4.1% to �2.2%) and ARIC white men (�6.5%/y;
95% CI, �7.0% to �6.1%), with the percent decline per year
among ARIC white men generally approximately twice that

of ARIC black men regardless of time period. Of note is the
statistically significant age-adjusted decline in total CHD
mortality rates of 5.3%/y (95% CI, �7.5% to �3.2%) among
ARIC black men during 1997–2008 compared with a non–
statistically significant decline of just 0.9%/y (95% CI,
�3.3% to 1.5%) in the preceding 10 years during 1987–1996.
Among women, the age- and race-adjusted trends in total
CHD mortality rates were generally similar to those in men
(ie, to downward trends in rates greater in the more recent
period; P�0.01). The age-adjusted trends in CHD deaths not
preceded by a MI history mirrored those of total CHD
mortality.

Rates of out-of-hospital and in-hospital mortality due to
CHD declined significantly among both men and women
(Tables 2 and 3). Age- and race-adjusted declines in rates of
out-of-hospital mortality due to CHD were smaller in per-
centage compared with in-hospital CHD deaths. Adjusted
percent declines in both in-hospital and out-of-hospital CHD
death rates were substantially greater in the more recent time
period (1997–2008) than in the previous decade (1987–1996).

Among men and women, the age- and biomarker-adjusted
rate of combined first hospitalization for acute MI or fatal
CHD among patients with no history of MI had a significant
age-adjusted decline during 1987–2008 (Figure 1 and Tables

Figure 2. Age-adjusted 28-day case-fatality (CF) percentage for hospitalized myocardial infarction events and age-adjusted trends by
linear and quadratic Poisson regression, for men and women aged 35 to 74 years, in the Atherosclerosis Risk in Communities Study
1987–2007.
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2 and 3). The overall age-adjusted trend predicted by the
fitted quadratic models in annual incidence rates showed a
decline of 4.9%/y (95% CI, �5.3 to �4.5) among ARIC
white men, 3.9%/y (95% CI, �4.5 to �3.4) among ARIC
white women, 3.5%/y (95% CI, �4.4 to �2.6) among ARIC
black women, and 1.8%/y (95% CI, �2.6 to �1.0) among
ARIC black men. The average trend for the 2 decades sepa-
rately from quadratic regression models shows that the decline in
incidence of MI and fatal CHD was generally twice as large in
the latter decade compared with the first decade. The difference
in the average annual percent change between the 2 decades
was statistically significant for ARIC white men and women
(P�0.01). However, the trends comparing the first and second
decades among ARIC black men and women did not reach
statistical significance (P�0.10). Nevertheless, age-adjusted de-
clines in biomarker-adjusted MI and fatal CHD incidence were
statistically significant in all 4 race/gender groups in the most
recent time period (1996–2008).

The age- and biomarker-adjusted incidence of hospitaliza-
tions for MI had significant adjusted declines over the
22-year period. The overall downward trend showed a
pattern similar to the trend in combined incident hospital-
ized MI and fatal CHD, although a test for differences in
the average change in trends between the decades did not
reach statistical significance. Among black men and
women in ARIC, the lack of a statistically significant
downward trend in first hospitalized MI in the earlier time
period transitioned to significant declines in MI incidence
during the more recent period (1997–2008), of �2.5%/y
(95% CI, �4.7 to �0.4) and �3.3%/y (95% CI, �5.8 to
�0.8), respectively. An examination of trends in recurrent
MI revealed significant declines overall, with the declines
in men in the period 1997–2008 greater than in the earlier
decade (P�0.01).

The impact of biomarker change adjustment was particu-
larly notable in investigating trends within and across race/
gender groups (Tables 2 and 3). The statistically significant
declines in incidence of hospitalized MI events among ARIC

blacks in the most recent time period found in the biomarker-
adjusted rates were masked when shifts in biomarkers were
not considered. For example, the age-adjusted average annual
percent change in first hospitalized MI over the 22-year
surveillance period among black men in ARIC showed an
increase of 1.0%/y (95% CI, �0.1 to 2.1) before we ac-
counted for the use of more sensitive biomarkers. After
adjustment for biomarker change over time, a significant
downward trend of 1.5%/y (95% CI, �2.7 to �0.4) was
revealed.

The annual incidence rate of STEMI had age- and
biomarker-adjusted declines among men and women (Tables
2 and 3). For men, the decline was greater in the period
1997–2008 (�8.0%/y; 95% CI, �10.4 to �5.7) than in the
prior decade (�2.0%/y; 95% CI, �3.4 to �0.5) (P�0.01).
The age- and biomarker-adjusted incidence of NSTEMI also
declined over the 22-year period. Without biomarker adjust-
ment, the rate of decline in NSTEMI was approximately half
of that observed for STEMI.

The trends in 28-day case-fatality percentages among
hospitalized MI cases are shown in Figure 2 and Table 4. The
overall decline in 28-day case fatality among men for
hospitalized cases was similar in both decades, although a
greater improvement in 28-day case fatality in the more
recent decade occurred among black men in ARIC. For
men, the age- and race-adjusted annual percent change in
28-day case fatality for hospitalized MI was �4.4%/y
(95% CI, �7.6 to �1.2) during 1987–1996 and �2.3%/y
(95% CI, �5.4 to 0.8) during 1997–2007 (Table 4).
Among women, the significant decline in 28-day case
fatality seen during 1987–1996 was no longer significant
in the more recent decade.

Trends in a modified definition of MI not including
biomarkers (presence of evolving diagnostic Q-wave patterns
on serial ECGs or any evidence of any diagnostic Q wave or
ST-segment elevation on any ECGs and a history of chest
pain of cardiac origin) yielded patterns similar to those seen
in Tables 2 and 3. Accounting for lack of data on out-of-

Table 4. Average Annual Percent Change (95% Confidence Interval) in Proportion of Events Not Surviving 28 Days (28-Day Case
Fatality), Adjusted for Age, in the ARIC Study 1987–2007

Whites

1987–1996 1997–2008 All Years

Men

Hospitalized MI patients only

28-d case fatality �5.8 (�12.0 to 0.5) �0.9 (�6.9 to 5.2) �3.5 (�5.3 to 1.7)

Hospitalized MI patients plus out-of-hospital
fatal CHD events

28-d case fatality �2.2 (�5.2 to 0.8) �3.7 (�6.2 to �1.2) �2.8 (�3.5 to �2.2)

Women

Hospitalized MI patients only

28-d case fatality �3.2 (�10.2 to 3.8) �2.8 (�8.8 to 3.3) �3.0 (�4.7 to �1.2)

Hospitalized MI patients plus out-of-hospital
fatal CHD events

28-d case fatality �1.1 (�3.4 to 1.3) �5.9 (�8.1 to �3.6) �3.2 (�4.2 to �2.2)

ARIC indicates Atherosclerosis Risk in Communities; MI, myocardial infarction; and CHD, coronary heart disease.
*Adjusted also for race.
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hospital deaths among community residents for whom neither
an informant interview nor a physician questionnaire was
available had little effect on the overall patterns of CHD
mortality trends. Similarly, adjustment of hospitalized MI
events for missing records did not change the original trend
estimates appreciably.

Discussion
We found that the age-adjusted CHD mortality rates declined
among subjects aged 35 to 74 years in 4 geographically and
ethnically diverse communities in the ARIC Study during
1987–2008. Although the event trends observed in the ARIC
communities may not be representative of the entire United
States, the decline in CHD mortality rate was statistically
significant for both blacks and whites in ARIC. This decline
in CHD mortality in the ARIC communities was similar to
that reported from national vital statistics.21–23 However, the
3-fold acceleration of the decline in CHD mortality rates in
the most recent decade (1997–2008) in the ARIC communi-
ties was greater than the 2-fold acceleration of the decline in
the early 2000s reported with the use of US statistics.23 The
Framingham Study cohort and a community surveillance
study in Worcester, MA, also reported that the decline in
CHD mortality and sudden cardiac death has accelerated in
recent decades.24,25

A major determinant of the accelerated decline in CHD
mortality observed is the concomitant decline in MI inci-
dence. After we accounted for shifts in biomarkers over time,
the incidence of hospitalized MI declined an average of
3.8%/y in men and 3.5%/y in women. The percent declines
during the most recent time period (1997–2008) were approx-
imately twice those of the previous decade and were most
dramatic among blacks. Our findings corroborate those re-
ported in the Kaiser Permanente Northern California health-
care system,7 in which the incidence of MI increased from
1999 to 2000 and then decreased each year thereafter through
2008. A greater decline in STEMI compared with NSTEMI

found in the Kaiser Permanente study is in agreement with
the trends in STEMI and NSTEMI we observed in the 4
ARIC communities. However, the Kaiser data were not
reported by ethnicity, were not adjusted for change in use of
cardiac biomarkers, and represented trends in nonvalidated
events based solely on discharge diagnosis codes or through
billing claims.

Recent reports from Olmsted County, MN,8 and Worcester,
MA,9 indicate that trends in incidence of MI varied by the
presence or absence of ST elevation. In Olmsted County,
incidence rates of STEMI declined by 41% during 1987–
2006, whereas the incidence rates of NSTEMI increased by a
similar percentage. In Olmsted County, when all MIs were
included irrespective of the biomarker used for diagnosis, the
incidence rates of MI did not change during 1987–2006. In
analysis restricted to those cases meeting only CK and
CK-MB criteria, a significant temporal decline in the inci-
dence of MI of �1%/y was found. However, this method of
adjustment may not adequately account for the addition of
new biomarkers and the elimination of older biomarkers in
some hospitals.

Our findings agree with a recent study of hospitalization
rates among the Medicare fee-for-service beneficiaries.5 Dur-
ing 2002–2007, white men experienced a 24% decrease in
hospitalized MI rates, whereas black men experienced a
decline of 18%. Direct comparisons between Medicare data
and ARIC are limited because Medicare events were nonvali-
dated, lacked a differentiation between incident and recurrent
events, and were restricted to individuals aged �65 years.
However, the Medicare findings agree well with those from
the National Hospital Discharge Survey showing a decline in
hospitalization rates for acute MI during 1996–2005 after a
period of stability in rates during 1987–1995.6

Our results on case-fatality trends agree with previous
studies reporting steady improvements in age-and sex-
adjusted mortality after MI in recent decades,7,8 although we
found the decline among women to be less consistent than
that observed in men.

Table 4. Continued

Blacks Total*

1987–1996 1997–2008 All Years 1987–1996 1997–2008 All Years

0.8 (�.29 to 4.4) �7.2 (�10.7 to �3.7) �3.4 (�6.1 to �0.6) �4.4 (�7.6 to �1.2) �2.3 (�5.4 to 0.8) �3.4 (�9.9 to �1.6)

�1.4 (�3.5 to 0.7) �4.0 (�6.3 to �1.6) �2.7 (�3.7 to �1.6) �2.0 (�3.7 to �0.3) �3.8 (�5.5 to �2.0) �2.8 (�3.4 to �2.2)

�3.2 (�5.9 to �0.5) �2.1 (�6.8 to 2.6) �2.6 (�5.6 to 0.4) �3.3 (�5.8 to �0.8) �2.6 (�6.4 to 1.2) �2.9 (�4.5 to �1.4)

�1.9 (�3.1 to �0.8) �2.2 (�4.1 to �0.3) �2.1 (�3.3 to �0.8) �1.5 (�2.5 to �0.5) �4.2 (�5.6 to �2.7) �2.8 (�3.6 to �2.0)
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Strengths of our study include its population-based design,
inclusion of multiple ethnically diverse communities, stan-
dardized event validation procedures, and innovative appli-
cation of standard statistical adjustment methods for account-
ing for shifts in biomarker use over time. However,
conducting ongoing community surveillance and validation
of hospitalizations among all residents in multiple communi-
ties over 22 years presents challenges to maintaining compa-
rability across time. Hospitalizations of community residents
occurring in hospitals occurring out of state are only included
if the patient was transferred to a surveillance hospital.
Although this may be a source of bias in our study, data from
death certificate surveillance suggest that the relatively few
out-of-state events have little impact on our trend estimates.
In addition, because of small numbers of blacks in 2 of the 4
communities, event rates for blacks only represent those
occurring in 2 communities. This may limit the generalizabil-
ity of our findings.

The ultimate measure of successful public health and
clinical efforts to reduce the major cause of mortality in the
United States comes from community-based studies of dis-
ease incidence rates.26,27 ARIC findings on declining inci-
dence trends of hospitalized MI and out-of-hospital CHD
death and steady improvements in 28-day case fatality,
viewed together with other reports from community-based
studies, large national databases, and large health mainte-
nance organizations, strongly support the conclusion that the
past decade has seen a new era of impact from primary
prevention efforts in the United States.5,7,8,28 This conclusion
could not be made 10 years ago when, although CHD
mortality rates were falling, incidence of hospitalized MI
remained static.1,29 Our novel approach to accounting for
changing diagnostic biomarkers over time adds new evidence
in support of this conclusion. Maintaining the decline in
incidence of MI that has gained momentum in the new
millennium and continuing the decline in death due to CHD
will require continued efforts to promote cardiovascular
health at the community level.
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CLINICAL PERSPECTIVE
Community-level event rates are the ultimate measures of successful clinical and public health efforts to reduce major
causes of mortality. Studies of acute myocardial infarction (AMI) incidence and survival after AMI provide insight into
the relative contribution of prevention and treatment to the decline in coronary heart disease death rates. Evidence of
community-level impact on disease occurrence and survival is relevant to practicing physicians who treat patients’ elevated
risk factors, provide education on avoiding risk through healthy lifestyles and behaviors, and treat AMI events with surgical
and medical interventions. We found that although AMI incidence declined during 1987–2008, the decline was steeper over
the past 10 years (1997–2008) than in the preceding 10 years. This is especially true among minority populations. For
example, among black men and women, little or no decline in first AMI during 1987–1996 transitioned to statistically
significant average annual percent declines in incidence during the more recent period (1997–2008), of �2.5%/y (95%
confidence interval, �4.7% to �0.4%) and �3.3%/y (95% confidence interval, �5.8% to �0.8%), respectively.
Case-fatality rates after AMI declined steadily for men and women over the past 22 years (�3.9%/y and �2.6%/y average
annual change, respectively), suggesting continuing improvements in treatment of AMI patients and/or secular trends
toward reduced severity of the AMI itself. Maintaining the decline in AMI incidence that gained momentum in the new
millennium will require continued efforts to promote cardiovascular health at the community level.
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INTRODUCTION 
 

Immunoassays for troponin (I and T) that serve as biomarkers for myocardial damage were 

developed in the late 1980’s. These cardiac muscle structure proteins have high 

cardiospecificity and high sensitivity for minor myocardial damage, and have a long diagnostic 

time-window. 

 

The surveillance component of the Atherosclerosis Risk in Communities (ARIC) Study evaluates 

time trends in hospitalized MI in four U.S. communities. Since its beginning in 1987 it has used 

standardized criteria based upon symptoms (cardiac pain), electrocardiographic evidence and 

biomarker levels to classify eligible events as definite, probable, suspect or no MI.  In the early 

period (1987-1995) cardiac biomarkers monitored included total creatine kinase (Total CK) and 

its myocardial fraction (CK-MB), lactate dehydrogenase (LDH) and its subfractions. Data on 

troponin measurements were monitored beginning in 1996. 

 

Stemming from their greater sensitivity and specificity than other cardiac biomarkers, the 

introduction of troponins in diagnostic protocols complicates the epidemiologic interpretation of 

time trends in hospitalized MI.  A larger number of MIs observed in recent years could be an 

artifact due to more events with minor myocardial damage being classified as MI using troponin. 

Thus, MI rates would not be comparable with rates in the earlier period. Even before troponin 

was introduced, changes in biomarker usage could have affected the observed number of MIs 

because CK-MB has a higher sensitivity and specificity for the diagnosis of acute MI than total 

CK and LDH and its subfractions.  

 

The joint statement by the European Society of Cardiology and the American College of 

Cardiology on the redefinition of myocardial infarction emphasized that continued tracking of the 

burden and occurrence of coronary events in the community will require innovative methods for 

adjusting the new criteria to the old.  To permit a meaningful epidemiologic interpretation of the 

trends in MI, we outline here a new application of an existing method that “standardizes” the 

rates to a consistent usage of biomarkers.  
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METHODS 

Study Population 

ARIC community surveillance monitors admissions to acute care hospitals and deaths due to 

coronary heart disease (CHD) among all residents aged 35-74 in four communities: Forsyth 

County, North Carolina; Jackson, Mississippi; eight northern suburbs of Minneapolis, Minnesota; 

and Washington County, Maryland. 

 

Data on Hospitalization for Myocardial Infarction 

Eligibility for hospital surveillance was based on age, residence and discharge diagnosis 

(International Classification of Diseases Clinical Modification (ICD9-CM) codes 402, 410-414, 

427-428 and 518.4). Eligible hospitalizations were sampled based on date of discharge. 

Selected medical information was abstracted from the medical records by certified abstractors 

including all pertinent cardiac biomarker levels within the first 4 days of hospital admission. Up 

to three electrocardiograms (ECG) were sent to the University of Minnesota ECG Reading 

Center for classification according to the Minnesota Code. Cardiac biomarkers monitored in 

1987-95 included total CK, CK-MB, LDH and its sub-fractions. Values of cardiac troponins have 

been recorded from 1996 to present. Among hospitalizations with some biomarkers measured, 

8%, 73%, 88%, 97%, 98% and 98% included troponin in years 1996-2001, respectively. 

Individual biomarkers were classified as normal, incomplete, equivocal and abnormally 

elevated. Abnormally elevated biomarkers were defined as at least 2 times of upper limit of 

normal whereas an equivocal elevation was defined as between 1 and 2 times of upper limit of 

normal. Abnormally elevated biomarkers were downgraded to equivocal when thought to be 

spurious (e.g. due to trauma). 

 

MI was classified as definite, probable, suspect, or no MI based upon published criteria that have 

been consistent since 1987. Events classified by a computerized algorithm as either definite or 

probable MI were considered to be MI for this analysis (Table 1).  

 

Statistical Analysis 

In this method we adjusted rates of MI for changes in biomarkers by imputing the number of MIs 

that would have occurred in a pre-troponin year (i.e. had troponin not been introduced and other 

biomarkers not dropped), and had the distribution (i.e. relative frequencies) of the biomarker 

usage combinations been the same across years.  The adjustment included two imputation and 

one standardization procedures, (1) imputing the distribution of the pre-troponin combinations 
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(PTC, the biomarker usage combinations that would have occurred in a pre-troponin year), (2) 

imputing the probability of MIs in each of the PTC, and (3) standardizing the imputed probability 

of MIs (and hence the number of MIs) to the distribution of the PTC in a reference period 

mimicking direct adjustment. This method can be viewed as an “extended” direct adjustment 

method where the distribution of the PTC for post-1995 events had to be imputed, from which 

the probability of MIs in each of the PTC could be estimated by data with overlaps in troponin 

use and other biomarkers, and finally the PTC-specific probability of MIs was weighted by the 

distribution of the PTC in the reference period. 

 

This adjustment method did not change the rate of MI in the reference year, but changed the 

rates in other pre-troponin years due to the standardization of the biomarker distributions. It also 

changed the rates in the troponin years due to the imputation of PTC and the standardization of 

their distributions. 

 

Note that the adjustment procedures (for both the imputation and standardization) were 

performed pain and ECG category-specific since (1) the probability of MI differed in different 

pain-ECG categories (which were related to the severity of MI), and (2) three out of the six pain-

ECG categories did not need an imputation because pain and ECG alone determined the MI 

classification (Table 1). They were also age- and event year-specific so that the age-adjusted 

rate of MIs in the reference year remained the same before and after adjustment. In addition, 

the adjustment accounted for the number of biomarkers used but not the total number of 

samples tested. 

 

Using the ARIC data in 1987-1995 we identified three PTC: “CK-MB (with or without CK/LDH)”, 

“CK/LDH alone”, and “NONE” (no biomarkers). The first combination included events used CK-

MB and one or more of the total CK, LDH and its sub-fractions (denoted as CK/LDH). A handful 

of events that used CK-MB alone were also included in this combination. We chose 1995, the 

year just before troponin was introduced, as the reference period for the standardization in 

biomarker usage distribution. 

 

I. Adjustment for events in pre-troponin years 

For events in the pre-troponin years the distribution of the PTC and the number of MIs remain 

was standardized without imputation. Since the distribution of the PTC were not the same 

across pre-troponin years (1987-95), and since this variation could affect MI frequency, the 
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probability of MIs in each of the pre-troponin years was standardized to the distribution of the 

PTC in 1995 (the reference period) mimicking the direct adjustment method. The adjusted 

probability of MIs was the weighted sum of the probability of MIs (the observed proportion of 

MIs) in each of the PTC weighted by the relative frequencies of the PTC in 1995. The adjusted 

number of MIs was simply the total number of events times this adjusted probability. The 

adjustment was age group- and pain-ECG category specific and was applied only to pain-ECG 

categories needing adjustment. 

 

Next, we summed up the adjusted number of MIs over all pain-ECG categories needing 

adjustment plus the observed number of MIs over the other pain-ECG categories not needing 

adjustment to get the final number of MIs. The adjusted rate of MI was the final number of MIs 

divided by the population size. We followed the same procedures for events in age-specific 

groups to compute age-specific rates, and then directly adjusted these rates to the age 

distribution in the US 2000 population to obtain the age-adjusted rates of MI adjusted for 

changes in biomarkers.  

 

II. Adjustment for events in troponin years 

Adjustment of rates of MIs in troponin years (post 1995) is more complicated. It is insufficient to 

simply ignore troponin values and then perform direct adjustment, because other biomarkers 

may have been dropped. Rather, we imputed relative frequencies of the PTC for post-1995 

events in various troponin/biomarker combinations under the counterfactual assumption that 

troponin had not been introduced and other biomarkers not replaced. We then imputed the 

probability of MI in each of the imputed PTC using (1) the observed biomarker and troponin 

values and (2) the observed proportions of MI under pre-troponin rules from years of overlap in 

troponin use with CK-MB, CK/LDH use (1997-2001). Lastly, we mimicked direct adjustment to 

standardize the probability of MIs. Imputation procedures for post-1995 events in pain-ECG 

categories needing adjustment are described in detail below. 

 

Imputation of the distribution of the PTC 

We used the following assumptions to impute the PTC for post-1995 events. (1) If in troponin 

years CK-MB or CK/LDH were used, then the same type of biomarkers would have been used 

and the biomarker classification would remain the same. (2) If no biomarkers were used in 

troponin years, then no biomarkers would have been used in pre-troponin years. (3) If troponin 

was used in post-1995, at least one of the CK-MB and CK/LDH would have been used in the 

 at UNIV OF NORTH CAROLINA on June 20, 2012http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


 7

pre-troponin years when troponin was not available, and the imputed pre-troponin biomarker 

classification would be either positive or negative if not used in post-1995. We used “positive” 

biomarker to represent a biomarker classification that would classify an event as an MI whereas 

“negative” is for the classification determining an event to not be an MI. 

 

We imputed the relative frequencies of the PTC as the proportion of the PTC in the reference 

period conditional on the possible imputed combinations (Table 2). 

 

Imputation of the probability of MIs 

For post-1995 events, the MI was imputed under the following rules: (1) if either CK-MB or 

CK/LDH was positive (regardless of troponin values) then the events were MIs; (2) if troponin 

was used and one or both of the CK-MB and CK/LDH was not used and none of the CK-MB and 

CK/LDH was positive, then we used events in 1997-2001 to impute the probability of MIs 

(described below); and (3) in all other cases, events were not MIs.  

 

For events under each of the 27 combinations of troponin*CK-MB*CK/LDH with respect to their 

biomarker classification (being positive, negative or missing), the imputed probability of MIs was 

1 for those under rule #1, and 0 for rule #3. For events under rule #2, the probability of MIs 

(detail formula in Table 2) was imputed as the proportion of the imputed events with positive 

CK-MB or positive CK/LDH, and we used 1997-2001 data to estimate this proportion. The 

corresponding imputed number of MIs in a troponin*CK-MB*CK/LDH combination in each of the 

PTC was the number of the events in the combination (Ni, i for the troponin*CK-MB*CK/LDH 

combinations) times the relative frequency (fij, j for the 3 PTC) of the PTC times the imputed 

probability (pij) of MIs.  

 

Next, we summed up the imputed number of MIs over all 27 troponin*CK-MB*CK/LDH 

combinations and divided by the overall imputed number of the events in that PTC (which was 

the sum of iji fN   over all 27 combinations) to get the overall probability of MIs in each of the 

PTC.  

 

Procedures to standardize the PTC-specific probability of MIs and to compute the final adjusted 

number of MI and the age-adjusted rates were as outlined earlier for events in the pre-troponin 

years and therefore not repeated here. 
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An example for the imputation 

Suppose there were Ni events in a post-1995 year that were in pain-ECG category A, age 35-54 

with negative troponin, missing CK-MB and negative CK/LDH, (-, M, -) in the notation of Table 2. 

We assume that in the reference year 57.6% used CK-MB (with or without CK/LDH), 34.1% 

used CK/LDH alone, and 8.3% no biomarkers (Table 4). Furthermore, we assume that out of 

the 2141 events in the post-1995 period with (- troponin,   CM-MB, - CK/LDH) in pain-ECG 

category A, 6.5% had positive CK-MB, the  (-, , -) combination in Table 5. 

 

We first determined that events in (-, M, -) combination were imputed as “CKMB (with or without 

CK/LDH)” or “CK/LDH alone” for their PTC. (It was impossible to impute (-,M,-) events as 

“NONE” because CK/LDH was used and was negative). Next, we imputed the same 

percentages of events to the PTC as in the reference period conditional on the possible imputed 

PTC, that is, 57.6/(57.6+34.1)=62.8% of the Ni events were imputed as “CKMB (with or without 

CK/LDH)” and the possible classification combinations were ( CM-MB, - CK/LDH). The 

remaining 37.2% were imputed as “CK/LDH alone” with only one classification combination 

(missing CK-MB, - CK/LDH) should these events have occurred in the reference year.  

 

For post-1995 events in (-, M, -) to be an MI under pre-troponin years we must have CK-MB 

positive since CK/LDH was negative. Thus in the PTC of “CK-MB (with or without CK/LDH)” we 

imputed the number of MIs by %5.6%8.62 iN , which is simply the number of the imputed 

events in this PTC (i.e. %8.62iN ) times the imputed probability of MIs (6.5%). We imputed 

zero MIs in the PTC of “CK/LDH alone” since CK/LDH was negative and CK-MB missing for all 

events imputed to this PTC. Note that for all events in pain-ECG categories needing adjustment, 

no MIs would be imputed from the PTC of “NONE”.  

 

For purposes of comparison, the incident rates of MIs (age-adjusted to the US 2000 population) 

were computed by 4 approaches: M1) fully adjusted, as described above, M2) partially adjusted: 

imputed PTC and imputed number of MIs, but the distributions of the PTC were not 

standardized, M3) observed rates (using ARIC MI algorithm) including troponin (when 

available), and M4) observed rates excluding troponin. The last two approaches did not have 

any adjustment. 
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The estimated number of MIs from the fully adjusted method (M1) and the observed using 

troponin (M3) were fitted via Poisson regression models to estimate the annual percent change 

in the rates of MI. The corresponding confidence intervals were estimated by bootstrapping with 

500 replications. 

 

Since eligible events were sampled, all analyses were weighted by the inverse of the sampling 

fractions except for the Poisson regression models where the weighted number of MIs was the 

response variable. All of the computations were performed in SAS version 8.0. 

 

APPLICATION 

 
Table 3 presents the biomarker distribution for events needing adjustment (i.e. in pain-ECG 

categories A, B and C in the notation of Table 1). Overall, there was a clear trend of increased 

use of CK-MB and CK/LDH together and decreased use of CK/LDH alone between 1987 and 

1995 (pre-troponin years). Counts of CK/LDH may overstate their actual use for MI diagnosis, 

because they may be measured routinely in a non-MI admission battery. Among events needing 

adjustment, few (8%) used troponin in 1996 but usage increased to 93% in 2001.  (Among 

hospitalizations with some biomarkers measured, 98% used troponins in 2001). In the troponin 

years (1997-2001) 53-69% had all three types of biomarkers (CK-MB, CK/LDH and troponin) 

measured together, 20-24% used both CK/LDH and troponin, and very few used troponin alone 

(up to 3%). Four to 8% of the events under consideration had no biomarkers measured each 

year, given the broad range of ICD codes screened. Similar trends were observed for gender-

specific distributions (data not shown).  

 

Table 4 shows the age-specific distribution of the PTC in the reference year (1995) for pain and 

ECG categories needing adjustment. These were the “standard” distributions for the direct 

adjustment. The most severe events (with evolving or diagnostic ECG and cardiac pain) tended 

to have more types of biomarkers measured, and all of them had at least one type of 

biomarkers measured in the reference year. 

 

As an example, table 5 shows the observed percentage of MIs (by CK-MB and/or CK/LDH 

being positive) in 1997-2001 for various troponin/biomarker combinations where troponin was 

used and neither CK-MB nor CK/LDH was positive and one or both of the CK-MB and CK/LDH 

was missing. For example, of the 432 events in pain-ECG category A that had positive troponin 
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and available CK-MB , i.e., the (+, ±, A) combination, 63.7% had MI based on CK-MB or 

CK/LDH being positive. Thus, we estimate that 63.7% of the events with positive troponin, 

missing CK-MB and missing CK/LDH would have been MI should these events have had CK-

MB measured but not troponin.  As expected, the most severe events (category C) had a higher 

chance of being classified as an MI under pre-troponin rules compared to events in the other 

pain-ECG categories. Furthermore, events with positive troponin and available CK-MB had the 

highest chance of being classified as an MI (63-89%), and events with negative or missing CK-

MB had the smallest chance. Similar results were observed in age-specific groups and in 

estimations limited to using incident events only (both data not shown). For stability the 

proportion of MIs using all eligible events needing adjustment from the overall age group were 

used to impute the number of incident MIs.  

 

The annual percentage change of the age-adjusted rates of incident MI, with and without 

adjustment for changes in biomarkers, is shown in Table 6. Without adjustment (including 

troponin), the rates changed little over years. With adjustment, the rates declined 2.7% (95% CI: 

1.8, 3.6) annually in men, 3.4% (95% CI: 2.2, 4.6) in women and 2.9% (95% CI: 2.3, 3.6) 

overall. 

 

DISCUSSION 

 
In order for epidemiologists to distinguish real change from artifact in interpreting time trends in 

rates of MI in the community, the classification of MI needs to be stable. Because 

measurements of troponin were introduced in community hospitals, we sought to create 

comparability by adjusting the rates (trends) of MI in the troponin years to remove the troponin 

effect. Our fully adjusted method imputed the number of MIs adjusting for the biomarker usage 

combinations and their distributions, and therefore provided a meaningful interpretation for the 

trend of MI beginning with pre-troponin rates and extending into the post-troponin era.  

Our adjustment method mainly extended the well-known direct adjustment to impute the 

standardized biomarker combinations and to standardize their distributions across study years.  

 

We expected that the rates of MI in the early study period in ARIC (1987-1994) would have 

been higher than the observed if the biomarker distributions had been the same as in the 

reference year (1995), because fewer types of and less sensitive biomarkers were used in that 
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period (Table 3). Our results supported this expectation and justified the necessity of adjusting 

the trends for biomarker distributions even before troponins were introduced. 

 

Our results also show that events with positive troponin or with more severe pain-ECG findings 

had a larger chance being classified as MI (Table 5). The only exception was when troponin 

was positive and CK-MB was negative, as the only chance these events would be classified as 

MI was having positive CK/LDH, yet CK/LDH have lower sensitivity in detecting MI. These 

results are consistent with the expectations. 

 

The partially adjusted method imputed PTC for events in troponin years but did not standardize 

biomarker distributions or numbers of biomarkers used. Therefore, the imputed numbers of MI 

from this method were bounded above by the observed number including troponin, and 

bounded below by the observed number excluding troponin.  

 

Since troponin is more sensitive and specific in detecting MI, it may eventually replace the use 

of other biomarkers, which has already occurred in a few individual hospitals. Although there 

was an increase use of troponin in the ARIC hospitals (73% usage in 1997 and 98% in 2001 

among hospitalizations with some biomarkers measured), we have not yet observed 

widespread adoption of troponin without retention of other biomarkers. For this reason the fully 

adjusted rates did not differ much from the observed excluding troponin in the post-1995 period. 

If ARIC hospitals completely switch to troponin only, our fully adjusted method would then be 

quite different from the observed excluding troponin, and adjustment would be essential to 

meaningfully interpret the trend in MI rates. 

 

We selected a pre-troponin year (1995) as the reference year for standardization. Although the 

rates of MI will differ if the reference period were chosen differently, the annual percent change 

was invariant to the choice of the reference period. If one chose a troponin year, say, 2001, as 

the reference year, the biomarker combinations in the troponin years would need to be imputed 

for pre-troponin events. This approach is more complicated than the one we have shown as 

there are more biomarker combinations in the troponin years. However, it has some attraction 

as it would show real rates for the most current years. 

 

Our imputation of the number of MIs in each troponin/biomarker combination was based on the 

percentage of events with positive CK-MB or CK/LDH in 1997-2001. These percentages have 
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denominators of at least 100 and mostly above 400 (Table 5), and hence should be quite stable. 

We did not use gender-specific or other subgroup specific percentages as the sample sizes 

became small. Although the current method was applied to age-adjusted incident rates of MI, 

extensions to recurrence and attack rates and other types of events are straightforward. 
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Table 1. ARIC criteria for classifying hospitalized definite or probable MI  

 

Cardiac 
Pain 

ECG Finding Biomarker Classification MI  
Diagnosis 

Pain-ECG 
Category* 

Present Evolving Diagnostic Any MI D 

 Evolving or Diagnostic  Equivocal or Abnormal (+) 
 
Incomplete or Normal (-) 
 

MI 
 
No-MI 

C 
 
C 

 Equivocal or 
uncodable 
(including normal) 

Abnormal (+) 
 
Incomplete, Normal or Equivocal 
(-) 
 

MI 
 
No-MI 

B 
 
B 

Absent Evolving Diagnostic Any MI D 

 Evolving or Diagnostic Abnormal (+) 
 
Incomplete, Normal or Equivocal 
(-) 
 

MI 
 
No-MI 

A 
 
A 

 Equivocal or 
uncodable 
(including normal) 

Any No-MI D 

 

* Pain-ECG categories A, B and C need adjustment for time trends in biomarkers. MI diagnosis 
for pain-ECG category D does not depend upon biomarker classification, and therefore does not 
need adjustment. 

 at UNIV OF NORTH CAROLINA on June 20, 2012http://circ.ahajournals.org/Downloaded from 

http://circ.ahajournals.org/


 14

Table 2. Imputed relative frequency of the pre-troponin combinations (PTC) and the imputed 
probability of MIs under various troponin/biomarker combinations. 
 

 Imputed Relative Frequency  
 

Imputed Probability of MIs  
 

Troponin/biomarker  
combination*  
 
(troponin, CK-MB, 
CK/LDH) 

CK-MB 
(with or 
without 

CK/LDH) 
 

CK/LDH alone 
 
 

CK-MB 
(with or without 

CK/LDH) 
 

CK/LDH 
alone 

 
 

(A,+,+)             1 0 1 0 
(A,+,-)        1 0 1 0 
(A,-,+)              1 0 1 0 
(A,-,-)          1 0 0 0 
(A,+,M)  1 0 1 0 
(+,-,M) 1 0 

),,(

),,(

AN

N


  

0 

(-,-,M) 1 0 
),,(

),,(

AN

N




 
0 

(M,-,M) 1 0 0 0 
(,M,+) 

21

1

rr

r


** 

21

2

rr

r


 

1 1 

(M,M,+) 0 1 0 1 
(+,M,-) 

21

1

rr

r


 

21

2

rr

r


 

),,(

),,(




N

N
 

0 

(-,M,-) 

21

1

rr

r


 

21

2

rr

r


 

),,(

),,(




N

N
 

0 

(M,M,-) 0 1 0 0 
(+,M,M) 

21

1

rr

r


 

21

2

rr

r


 

),,(

),,(),,(

AN

NAN




 
),,(

),,(




MN

MN
 

(-,M,M) 

21

1

rr

r


 

21

2

rr

r


 

),,(

),,(),,(

AN

NAN




 
),,(

),,(




MN

MN
 

(M,M,M)▲ 0 0 0 0 
 
* Value A is for any biomarker classification, + for positive, - for negative and M for missing 

biomarkers (not used).  

** r1, r2 and  r3 ( 1321  rrr ) represent the relative frequency with respect to PTC “CK-MB”, 

“CK/LDH” and “NONE” in the reference year, respectively.  

 N(X, Y, Z) represents the number of events in 1997-2001 in combination (X, Y, Z) with 

respect to the classification of (troponin, CK-MB, CK/LDH). 

▲ Events in combination (M,M,M) were all imputed as “NONE” (no biomarkers), and none of 

them would be imputed as an MI.  
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Table 3. Biomarker distribution among events in which biomarkers determined MI diagnosis in 1987-2001 
 

 ____________________________________________________________________________________________________________ 

Year    1987   1988   1989   1990   1991   1992   1993   1994   1995   1996   1997   1998   1999   2000  2001 

Events (N)               4075   4174   4071   4138   4169   3916   4284   4329   4309   4406   4309   4404   3691   4004     4031___ 

Biomarker  Usage (%) 

 CK-MB+CK/LDH* only  51.4   53.9   53.6   56.0   53.6   59.0   59.8   68.9   69.0   65.2   14.4     7.6      0.9     0.5     0.4 

 CK/LDH only**          40.3   40.5   40.8   38.3   40.0    35.4    35.8    27.2  26.4  21.3      5.8    2.2       1.0      0.4    0.4 

 No biomarkers            8.3      5.6      5.6      5.8      6.4     5.6      4.3      3.9      4.6      5.7      7.0     7.8      8.2      7.1    5.8 

 Troponin only                                                                     0.0     0.1    1.1       1.6      3.2    2.5 

 CK/LDH + Troponin                                                                1.5   19.7  20.1   23.5   23.8   21.7 

 CK-MB + CK/LDH + Troponin#                                                        6.2   52.9   61.1   64.7   65.0   69.2 

_______________________________________________________________________________________________________________________ 

*  Includes a handful of events with CK-MB alone. 

** Counts of CK/LDH, especially in the latter years, may overstate their actual use for MI diagnosis, because  

   they may be measured routinely in a non-MI admission battery. 

# Includes a few events (less than 2%) using troponin and CK-MB but without CK/LDH.
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Table 4. Distribution of the pre-troponin combinations (PTC) in the reference year (1995) in 
pain-ECG categories needing adjustment, by age group. 
 
   PTC 
Pain-ECG 
category 

Age No. of 
events 

CK-MB ** CK/LDH None 

A 35-54 138 57.6 34.1 8.3 
 55-64 185 50.3 36.5 13.2 
 65-74 264 57.1 29.3 13.6 
      

B 35-54 359 69.2 26.0 4.9 
 55-64 347 80.3 18.2 1.5 

 65-74 578 71.0 24.5 4.5 
      

C 35-54 243 92.9 7.1 0.0 

 55-64 243 83.2 16.8 0.0 
 65-74 336 78.4 21.6 0.0 

Pain-ECG Category: 
(A)   evolving or diagnostic ECG without cardiac pain, 
(B)   equivocal, normal or uncodable ECG with cardiac pain 
(C)  evolving or diagnostic ECG with cardiac pain. 
 
** Using CK-MB, with or without CK/LDH. 
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Table 5. Observed percentage of MIs* in 1997-2001 without using troponin in various 
troponin/biomarker combinations by pain-ECG category 
 

Troponin/biomarker 
(troponin, CK-MB, 

CK/LDH) 

Pain-ECG Category ** 
A B C 

% MI (N) % MI (N) % MI (N) 
(+,,A) 63.7 (432) 71.9 (1093) 89.4 (2459) 
(+,,-) 62.6 (400) 71.4 (1050) 74.1 (1001) 
(-,,A) 7.6 (2246) 5.3 (4596) 29.0 (1939) 
(-,,-) 6.5 (2141) 4.9 (4429) 16.2 (1588) 
(+,-,A) 4.4 (164) 1.0 (310) 13.0 (299) 
(-,-,A) 0.9 (2094) 0.4 (4369) 9.9 (1530) 

(+,M,) 0.0 (102) 0.6 (212) 36.9 (519) 
(-,M,) 0.6 (884) 0.0 (2014) 1.1 (702) 

 
* Observed percentages of MIs (i.e. CK-MB or CK/LDH being positive) in 1997-2001. These are 
the imputed probability of MIs when troponin was used and one or both of the CK-MB and 
CK/LDH was not used and none of the CK-MB and CK/LDH was positive. 
 
**  Pain-ECG Category: 
     A for evolving or diagnostic ECG without cardiac pain, 
     B for equivocal, normal or uncodable ECG with cardiac pain, and 
     C for evolving or diagnostic ECG with cardiac pain. 
 
N is the denominator (i.e. number of events with the specified troponin/biomarker combination in 
1997-2001) of the percentages. 
 
 
 
_ 
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Table 6. Annual percent change (%) in the age-adjusted rates of incident MI in 1987-2001 and 
the corresponding 95% confidence intervals from the observed including troponin and fully 
adjusted methods 
 
 
   
 
 
Group 

 
Fully Adjusted 

(M1) 

95 % 
confidence 

interval 

Observed 
including 

Troponin (M3) 

95 % 
confidence 

interval 
     
Men -3.4 (-4.6, -2.2) 1.1 (-0.1, 2.3) 
Women -2.7 (-3.6, -1.8) -0.2 (-1.1, 0.7) 
Total -2.9 (-3.6, -2.3) 0.3 (-0.4, 1.0) 
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Table 4. Hospitalized Definite or Probable myocardial infarctions (new or recurrent) and define cornary heart disease deaths 
Number of Events per Year per 1000 Persons in the Population, by Race, Sex and 5 year Age Group. 
ARIC Community Surveillance, 2004-2008 
 

Race   Sex    Age 
Events 

Average Annual 
Population Size 

Average Events per 
Year per 1000 

Persons 

Black Female 35-39 40 9931 0.81

40-44 60 10622 1.13

45-49 110 9745 2.26

50-54 137 7239 3.78

55-59 174 4416 7.88

60-64 111 3453 6.43

65-69 197 2718 14.50

70-74 123 2421 10.16

Male 35-39 28 7807 0.72

40-44 107 8060 2.65

45-49 153 7440 4.11

50-54 204 6075 6.72

55-59 239 3893 12.28

60-64 187 2732 13.69

65-69 167 1830 18.25

70-74 145 1492 19.43



  

  

2

Race   Sex    Age 
Events 

Average Annual 
Population Size 

Average Events per 
Year per 1000 

Persons 

White Female 35-39 12 23508 0.10

40-44 61 25717 0.47

45-49 137 26217 1.05

50-54 159 24118 1.32

55-59 236 16843 2.80

60-64 264 12266 4.30

65-69 227 11519 3.94

70-74 456 13616 6.70

Male 35-39 43 23817 0.36

40-44 151 25735 1.17

45-49 275 24980 2.20

50-54 346 23172 2.99

55-59 621 15797 7.86

60-64 502 10886 9.22

65-69 589 9753 12.08

70-74 698 10627 13.14
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Table 4. Hospitalized Definite or Probable myocardial infarctions (new or recurrent) and define cornary heart disease deaths 
Number of Events per Year per 1000 Persons in the Population, by Race, Sex and 5 year Age Group. 
ARIC Community Surveillance, 1987-2008 
 

Race   Sex    Age 
Events 

Average Annual 
Population Size 

Average Events per 
Year per 1000 

Persons 

Black Female 35-39 120 8774 0.62

40-44 235 8142 1.31

45-49 359 6860 2.38

50-54 471 5316 4.03

55-59 606 3702 7.44

60-64 582 3167 8.35

65-69 756 2677 12.84

70-74 714 2309 14.06

Male 35-39 167 6951 1.09

40-44 432 6357 3.09

45-49 584 5388 4.93

50-54 745 4359 7.77

55-59 778 3025 11.69

60-64 760 2371 14.57

65-69 775 1801 19.56

70-74 732 1413 23.54



  

  

2

Race   Sex    Age 
Events 

Average Annual 
Population Size 

Average Events per 
Year per 1000 

Persons 

White Female 35-39 93 22642 0.19

40-44 234 22704 0.47

45-49 475 21037 1.03

50-54 646 18865 1.56

55-59 945 15108 2.84

60-64 1268 12908 4.47

65-69 1812 11863 6.94

70-74 2453 11488 9.71

Male 35-39 390 22446 0.79

40-44 781 22093 1.61

45-49 1378 19898 3.15

50-54 1961 17729 5.03

55-59 2809 13850 9.22

60-64 3142 11288 12.65

65-69 3681 9812 17.05

70-74 4091 8593 21.64
 

 
Out of hospital deaths due to CHD could not be validated in Washington County prior to 1995 and are not included for those years. 
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Table 4. Hospitalized Definite or Probable myocardial infarctions (new or recurrent) and define cornary heart disease deaths 
Number of Events per Year per 1000 Persons in the Population, by Race, Sex and 10 year Age Group. 
ARIC Community Surveillance, 2004-2008 
 

Race   Sex    Age 
Events 

Average Annual 
Population Size 

Average Events per 
Year per 1000 

Persons 

Black Female 35-44 101 20552 0.98

45-54 246 16984 2.90

55-64 285 7869 7.24

65-74 320 5138 12.46

Male 35-44 135 15868 1.70

45-54 357 13514 5.28

55-64 426 6626 12.86

65-74 312 3323 18.78

White Female 35-44 73 49225 0.30

45-54 297 50335 1.18

55-64 500 29109 3.44

65-74 684 25134 5.44

Male 35-44 194 49552 0.78

45-54 621 48153 2.58

55-64 1123 26683 8.42

65-74 1287 20381 12.63
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Table 4. Hospitalized Definite or Probable myocardial infarctions (new or recurrent) and define cornary heart disease deaths 
Number of Events per Year per 1000 Persons in the Population, by Race, Sex and 10 year Age Group. 
ARIC Community Surveillance, 1987-2008 
 

Race   Sex    Age 
Events 

Average Annual 
Population Size 

Average Events per 
Year per 1000 

Persons 

Black Female 35-44 356 16916 0.96

45-54 830 12176 3.10

55-64 1188 6869 7.86

65-74 1470 4986 13.40

Male 35-44 598 13308 2.04

45-54 1329 9747 6.20

55-64 1537 5396 12.95

65-74 1507 3214 21.31

White Female 35-44 327 45346 0.33

45-54 1121 39902 1.28

55-64 2213 28017 3.59

65-74 4265 23351 8.30

Male 35-44 1170 44539 1.19

45-54 3339 37627 4.03

55-64 5951 25139 10.76

65-74 7773 18405 19.20
 

 
Out of hospital deaths due to CHD could not be validated in Washington County prior to 1995 and are not included for those years. 
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